Abstract Problems related to wastewater reclamation and reuse in the countries of the Mediterranean region are discussed with reference to growing conflicts among agriculture, tourism, cities and industries. All reuse options are strongly influenced by requested water quality, especially the microbiological one, and for this reason standards for reclaimed water have to be fixed having in mind both the safety of reuse and its practical and economical feasibility. The paper will discuss, as an example of a type of approach, also the regulations' evolution with reference to the Italian situation. Some considerations on the feasibility of current indicator bacteria will be done, making reference also to the bacterial re-growth potential associated with various disinfection agents and to the applicability of advanced methods capable to individuate partially damaged cells and therefore useful to a better evaluation of the possible re-growth phenomena.
Introduction
The future of the Mediterranean region lays mainly on the conservation and the recovery of its special environment, which mix together pleasant climate, beautiful nature and historic heritage. At present water shortage is a growing problem in the whole area and wastewater reclamation and reuse is one of the main key factors for its sustainable development.
The majority of southern Europe countries, as well as other African and Asian nations situated on Mediterranean coasts, should face major problems related to water shortage for agriculture and, in some cases, also for drinking purposes (the recent troubles occurred in some Sicilian cities give a clear evidence of the diffusion and of the intensity of the problem).
The interest for wastewater reclamation and reuse appears to be, in this area, specially addressed to agricultural and landscape irrigation, aiming at sparing good quality natural water resources for drinking purposes, but wastewater reclamation and reuse can also contribute to a better environmental policy and to the local industrial expansion. Quality, especially the microbiological one, plays a very strong role in all the possible reuse options: for this reason, reclaimed water standards have to be fixed and enforced taking into consideration both the safety of reuse and its practical and economical feasibility.
A short overview on precipitation
Precipitation in the areas facing the Mediterranean sea are significantly different, both in terms of total annual amount of water and of seasonal distribution; from this point of view Italy can be a suitable example for variety: average annual precipitation can range from more than 1,300 mm/yr in the Alps to less than 400 mm/year in the southern islands. The data on last year's situation in various Italian geographical areas and compares them with those of other Mediterranean regions during the same period is summarised in Figure 1 (EuroMeteo, 2002): a strong diversity between the data registered for northern Italy (and in some way also for southern France or central Italy) and those for the other geographical areas, situated south of 42°latitude, can be easily noticed.
A more precise figure of the precipitation's distribution during the last year is shown in Figure 2 , where the average, maximum and minimum monthly amounts for the same areas are summarised. It can be easily noticed that, even in some areas displaying a quite satisfactory annual supply rate, a long-lasting draught period is a common figure in summer for the entire Mediterranean region, with the partial exception for some areas of north-eastern Italy. In addition to that, recent NCAA-CIRES data reported on the website of the Rome University (Rome University, 2002) show a precipitation decrease up to 1 mm/d in northern Spain and south-western France and lower figures for central Italy, northern Greece, northern Algeria and northern Tunisia (around -0,5 mm/d), while a slight increase of precipitation (+ 0.2 mm/d) is shown for the seaside regions of the eastern basin of the Mediterranean (data referring to the period from April 2001 to March 2002, compared with the previous period). All these considerations corroborate the urgent need for a rational strong effort capable to increase the amount of good quality water available for multiple uses in the Mediterranean regions, obviously including the re-purified ones.
A large part of the Mediterranean region displays thus a quite similar pattern of natural supplies and, with exception of continental Italy and France, also main crops are the same. Moreover -especially for Spain, Southern France, Italy, Greece, Tunisia and Egypt -the influence and the economic impact of tourism activities are pretty evident. Mediterranean agriculture needs increasing amounts of water, but more and more frequently new tourism resorts ask for large amounts of the same water, thus causing a growing struggle for water resources. A good example of this situation is given by the coastal regions of Spain and southern Italy (in late spring 2002 the state of water emergency was recognised by the central government for 10 out of 20 Italian regions) (and especially the main islands): for instance, at the beginning of May 2002, the amount of available water in the reservoirs of southern and insular Italian regions were (with reference to their full capacity): 11% in Sicily; 21% in Basilicata; 50% in Apulia; 27% in Sardinia (it must be pointed out that in Sardinia more than 90% of the water used for drinking water supply comes from surface water impoundments). In some areas, where important industrial structures were developed in the past years, also industrial needs play a heavy role in the water resources balance. This hasty overview can lead only to the conclusion that nearly all the Mediterranean countries need urgently to implement an effective policy to promote both the reclamation and reuse of pre-treated wastewater and the availability of larger storage reservoirs (precipitation's occurrence is concentrated in autumn and spring). The first option will allow to fill in a reasonable time major gaps, being the second step technically and economically heavier and slower to perform. For this reason a more rational and integrated approach would be welcome, taking for instance advantage of existing and future storage facilities also for reclaimed water.
Quality standards for agricultural reuse
The similarity of problems and needs of the Mediterranean countries would have produced similar quality standards (especially the microbiological ones, which are the prominent issue for irrigation), but this did not happen till now and sometimes even existing standards were not fully enforced. In fact the risks associated with reclaimed water's irrigation (the consumption of uncooked fruits/vegetables spray-irrigated with reclaimed water is the first of the risk list, Cooper and Olivieri, 1998) can be considered in different ways: acceptable risk on the basis of local epidemiological situation or of crops and irrigation practices (virus viability can last from less than 2 weeks, in summer, to about 6 weeks in spring or fall, but a 2 log reduction is considered reasonable during the first week, Yates and Gerba, 1998) or total safety. During the last two decades a great deal of discussion among scientists, practitioners and public deciders (often in separate sites) was made on this theme, but its importance and that of the related topics would ask for more definite positions. Probably a reasonable way would be the implementation of a set of guidelines, which can take into account local characteristics not only from the point of view of safety, but also from those of local crops, climatic and hydrological situation, etc. (in some cases also regional practices could be usefully accepted). In synthesis, it could be possible, on the basis of proven and acceptable data, to build a reasonable European frame, in which also the peculiarity of the Mediterranean regions can be recognised.
Moreover, it must be considered that the provision for both unrestricted and restricted standards could lead to some extra risks or become unfeasible to implement, at least in some European countries. In fact, when different crops are cultivated in a pattern of smallmedium size farms and only some of them ask for unrestricted quality, it will be very difficult to check on a continuous basis the final destination of the reclaimed water. In this situation, typical for instance of some Italian agricultural districts, a reclamation plant would better produce only the best quality water, also to avoid the extra costs of a dual distribution network (in northern Italy the water distribution cost (» 0.03 €/m 3 ) is quite similar to that of water reclamation (Nurizzo et al., 2001 ).
An example of the difficulties related to the construction of a new set of national standards can be given by the evolution of Italian regulations, as reported in Table 1 . The first standards followed the implementation in 1976 of the Water Quality Act (WQA), but they were never really enforced, being low the diffusion of reclamation plants. WQA allowed regional prescriptions and some regions (Sicily, Apulia, Emilia-Romagna) profited of this to set regional standards to promote wastewater reuse. In 1999 the original WQA was substituted by a new act (D.Lgs. n. 152, 1999) , with some focusing on reuse practices, but the implementation of specific standards for reuse was transferred to a future prescription: after three years of debate a proposed set of standards was recently circulated (May 2002, Table 1 ).
The newly proposed regulations is to be applied to various reuse practices: urban, agricultural, industrial (with the exception of internal recycles) and it refers to all kinds of distribution system (dedicated networks or small surface bodies with low natural flows). Some of the parameters included in the proposed standards appear to be somewhat surprising (especially with reference to some organic micropollutants or trace metals and to the absence of any standard for viable Helminths eggs and protozoa, without making any reference to the compulsory need for filtration), while the introduction of side parameters (i.e. BOD 5 , COD) and that of Boron is pretty interesting for the overall quality of reclaimed water.
A particularly limiting parameter appears to be TTHM, which in most cases will prevent the future use of chlorination. In fact, experimental studies recently carried out on a large scale pilot plant at the Pero's WWTP (Milano, Italy) led to the typical results reported in Figure 4 for different contact times and two chlorine doses, capable to comply with the requested microbiological standards. It must be pointed out that, even if tests were performed on quite diluted biological effluents, having a TTHMFP ranging from UV 254 = 0.32 to UV 254 = 0.86, the lowest TTHM figure obtained at 36 min (respectively at a 5 or 7.5 mg/L dose) were 40.6 µg/L and 44.4 µg/L, in any case far higher that the proposed standard.
Microbiological indicators and re-growth
The discussion on standards leads, as natural consequence, to some consideration about the effective feasibility of different microbiological indicators. Generally speaking the most common indicators are coliforms (both TC and FC), but there is some lack of information about the real effectiveness of disinfectants on different indicators and on possible regrowth phenomena, thus not permitting to compare different standards.
During the previously cited research on the use of different disinfection agents (NaClO, PAA, UV) for wastewater reclamation, carried out at the Pero's WWTP by the DIIAREnv. Section, Politecnico di Milano, the following results, referring to the microbiological indicators commonly used to define disinfection efficiency (see also Figure 5 and Table 2) were obtained on continuous flow disinfection units: (a) NaClO disinfection: operating at different doses and total residuals (up to 7.5 mg/L and 3 mg/L, respectively) and contact times (up to 54 min), in a nearly ideal plug-flow tank, 
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(1) Low enough to avoid soil clogging (2) Unrestricted irrigation (spray irrigation not allowed, also for public parks) (3) 0.03 µg/L for Aldrin, Dieldrin, Eptachlor epoxide (4) To be fixed case by case in relation to crop requirements and aquifer characteristics (5) 80% of samples, never higher than 100 UFC/100 ml for single samples; this figure will be accepted as standard for the first three years of application (6) Sicilian guidelines took into account also the type of crops and the irrigation systems to be used removals obtained for TC were usually higher (roughly 1 log, in any condition) than those obtained for FC and E. coli, which performed both in the same way. (b) UV disinfection: operating at different irradiation intensities and at contact times ranging from 4.5 to 6 sec, removals were slightly higher for TC, than for FC; the difference was bigger (but always below 1 Log) if the comparison was made between TC and E. coli. (c) PAA disinfection: operating at different doses and contact times (up to 15 mg/L and 54 min respectively, being the residual PAA around 1 mg/L below the dosed concentration), in a nearly ideal plug-flow tank, log-removals for E. coli were in any condition slightly higher (see Table 2 ) than those obtained for TC or FC. These preliminary findings (trials will continue till the end of next year) seem clearly to indicate that the behaviour of commonly used coliforms indicators changes with disinfectant agents. This is particularly evident operating at growing sodium hypochlorite doses, while differences found using peracetic acid or UV rays are not so relevant, even if appreciable: using NaClO and UV rays, removal efficiencies were higher for TC than for E. coli, while the efficiency ranking was inverted, when PAA was dosed.
Another important item is the potential bacterial re-growth after disinfection. This could produce significant consequences when microbiological quality must comply with the standards at the point of use and not at the discharge section of the reclamation plant. For this reason, during the same research, an attempt was made to check bacterial re-growth using an enumeration technique borrowed by the medical side: flow cytometry. A screening test was made on NaClO and PAA disinfected effluents (further data will be given in another paper presented at this Conference), after stabilisation, and the first results were rather troublesome, since some re-growth appeared to be possible, especially at low Figure 5 Disinfection efficiencies on different indicators, using (a) NaClO (respectively at 5 mg/L and 7.5 mg/L dose) and (b) UV rays (at different intensities) as single disinfection agents disinfectant doses. Anyway, being this technique at present used only to enumerate total heterotrophic bacteria (THB), its results cannot be easily transferred to standard microbiological indicator (attempts to use it also for coliforms indicator are currently under trial at the Environmental Sciences laboratories of the Milan 2nd University). For this reason a preliminary set of tests (four repetitions for each dose and disinfectant) was made, using standard techniques, on samples disinfected with NaClO and PAA; the samples, after stabilisation with sodium thio-sulphate, were analysed for TC, FC and E. coli, immediately and after 6 hours, to simulate a short-range distribution. The average results can be summarised as follows: (a) Chlorination: some re-growth can be noticed operating at 5 mg/L dose for TC (≈15% at 18 min and ≈ 11% at 36 min contact time), while no appreciable re-growth was evident for FC and E. coli; operating at a 7.5 mg/L dose, a rather unappreciable re-growth was found for TC (less than 6% at 18 min and ≈ 2% at 36 min), while no re-growth or a further dye-off was noticed for both FC and E. coli (at 36 min contact time the log-removal increased by ≈ 10%); (b) PAA disinfection: operating at a 15 mg/L dose (which gave efficiencies rather similar to those displayed by chlorination at 5 mg/L), some re-growth was noticed for TC (6% and 2% respectively at 18 and 36 min contact time), while a further dye-off was noticeable for FC and E. coli (from 3% to 9%, respectively at 18 and 36 min contact time). These are clearly only preliminary results that have to be confirmed by further data (similar tests will be performed in future using also UV rays and ozone) in different operational conditions and for longer stand-by periods, capable to simulate a longer range distribution, but they appear to confirm that, using NaClO and PAA at doses capable to comply with the newly proposed Italian standards, the risk of re-growth is pretty low, with some doubts only in the case TC.
Conclusions
Wastewater reclamation and reuse is nowadays -and will continue be -the main issue to obtain new water resources capable to mitigate the serious water shortage of many Mediterranean regions. There is therefore the need for a joint action capable to promote and to produce a reasonable set of integrated guidelines easily adaptable to the local situation, on the basis of proven and acceptable data. From this point of view an important basis of discussion, if the data reported in this paper will be confirmed, is the need to implement at least a double coliform standard, to avoid problems due to the disinfectant used and to its specific efficiency: in fact chlorination and UV irradiation were found to be more efficient on TC than on FC or E. coli, while the results obtained using PAA were overturned. This statement carries to focus another important issue: the need for safe, reproducible and fast detection and counting methods to check microorganism viability and there potential of regrowth after disinfection. First experimental results from PCA seem to indicate that the regrowth effects after 6 hours are limited to TC both for chlorination and PAA disinfection, but more data are necessary, using also other disinfecting agents, and checking re-growth on longer periods.
